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The invention relates to an electronic amplifier circuit. 
PCT patent application WO 01/26216 discloses a differential amplifier circuit. 
ms amplifier circuit has differential input connections and differential output connections. 
The amplifier circuit contains two branches, each with a series comaection of the mam current 
channels of an input transistor and a cascode transistor coupled between a common circuit 
and a respective one of the differential output comiections. TTie differential input connections 
,upled to the control electrodes of the input transistors in the two branches. 

High demands are placed on the linearity of such an amplifier, when it is used 
broadband amplifier to amplify signals firom a band that contains many signals of 
10 comparable strength, such as may television chamiels in a Cable TV signal. WO 01/26126 
describes how the linearity can be improved by ensuring a high transconductance of the 
amplifier at high frequencies, through a coupUng that places the input transistor and the 
cascode transistor in each branch in parallel at higher frequencies. 

It has been found that the common mode rejection of broadband amplifiers is 
15 an important fector in determining the non-linearity. This is because the even order 

intemiodulation products of differential signals generated by the transistors are common 
mode signals. These even order intermodulation products include second order 
intermodulation products, which are potentially the strongest intermodulation products and 
which are particularly relevant for distortion in broadband ampUfiers. By maximizing the 
20 common mode rejection of the differential amplifier the contribution of these even order 
intermodulation products to the output is minimized. 

Amongst others, it is an object of the invention to improve the linearity of the 
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differential amplifier. 

Amongst otiiers. it is an object of the invention to increase the common mode 

rejection of the differential amplifier. 

The amplifier according to the invention is set forth in claim 1. By providing a 
high frequency coupling between a common point of the branches and the control electrodes 
of the cascode transistors of the branches it is ensured that there is little or no common mode 
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voltage difference between the teminals of the main current channel of each input transistor 
and its control electrode. As a result of this, the circuit elimmates the effect on the gain 
exerted by the capacitance between the control electrode of the input transistor in a branch 
and the node that connects the main current channels of the input transistor and the cascode 
transistor in that branch (mainly the Miller capacitance in case of bipolar input transistors). 
This increases common mode rejection and thereby increases Unearity. 

The common point of the branches is fed by a common current source circuit. 
This circuit suppUes the currents to the branches in common. Ideally this common current 
source circuit should be a perfect current source, producing a current that is independent of 
the voltage across the current source circuit, at least in response to voltage changes in the 
amplified frequency band. But it has been found that the amplifier has good linearity even if 
the current source circuit has a bdiaviour that differs far from the behaviour of such a perfect 
cunent source. 

An embodiment of the amplifier according to the invention comprises a DC 
bias supply circuit coupled to the control electrodes of the cascode transistors of the 
branches, the DC bias supply circuit comprising a high frequency blocking circuit. Thus, it is 
ensured that high frequency current to the cascode transistors has to flow to the control 
electrodes of these transistors, forcing the cascode transistors to minimize the common mode 
voltage differences over the input transistors. 

These and other objects and advantageous aspects of the amplifier according 
to the invention will be described in more detail using the following figures. 

Figure 1 shows a differential amplifier 
25 Figure 2 shows non-linearity as a fimction of frequency 

Figure 1 shows a differential ampUfier. The amplifier contains two branches 
10, 11. Each branch contains a series comiection of the main current channels of an input 
transistor 100, 1 10 and a cascode transistor 104, 114 connected between a common circuit 
30 120, 122, l24andanoutputtransfonner leO.Thecontrolelectrodesoftheinputtransistors 
lOo! 1 10 are coupled to an input transformer 140. Although symmetrical inputs and outputs 
are shown, it will be understood that usually one terminal of each of the input transformer 
and the output transformer is coraiected to ground, so as to create an asymmetric input and 
output. Preferably, the input transistors 100, 110 of both branches have substantially mutually 
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e,^pa™n=«..Prefer*1ya..oc»cod=.3n.is.o.l04.U4havesubsUBda..y,nu-b, 
eq\ial parameters. 

By way of ««npte bipoto ttansisto. ,00, 104, UO, 1 14 a« shown. Th. 
co^on c con»i- a C"™"- '^6, co»ec.ed » *c ™i«=rs of .h= ,npu, 
„^ ,OO.nOvi.«»pe«iv.«m««r«,s»ocs 122, 124 ^d.og.u„^ vaagro^d 
ta^,20.Apow«s»ppl,oo»^onViscoupW.o.heco,lectonof*ecascode 

J,is.o.,04.U4.Tbc«o«ro,e.«^of««^P«— 00,"«-'-^»^ 
1 JO B^h»ck imocdances 106, 1 16 couple the 
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ttansis<otsl04,114.Thecontrolelectro<leso.n.= uTu>...»».».— , 

hasevo.U^^^>via«»inp«.«n*^„«l*>•F«^'>*'-'=^''''"*'"•^7;;° 
„u,pu»of*eb««hcs.0,ll»C«co,«oI«l=c»de,of«.einpu.tt=ns,s»:3.00. 0 

The conBol e.»=Bodes of *e cascod. «^ 104, 114 are coupled to each 
o,her.Acap«i».18coup..sfl«c«™on,.odel26»connce.edt..heco„trolelec.^^^^^^^ 

tt^cascodetransWors 104, „4. The control .l.e.rod«of.hecascode„a»s,stors 104, 
arebiasedviabiasnetwotl! 192, 194, 190. 

In operatio.. an input volug. dilfaeoco is applied between the control 
,5 electrodeaof^einputtransistors .00, UO Iron, input transfcnner ,40. This results in a 

inputtransistor. 100, UO, Contmon circuit 120, 122, ,24 serves as a current source - ,e.un 
the6e,ue„cyrangefor»hich««amp>iflerisusoa.Forthiapu.pose,g.ound.™p^^^^ 
hasal,ve,yhigh.alue,a.leas.forhi*.rfte,u.ucies.T1nan,.yb.real,zedbyus,^an 
20 inductanceing..u.din>pedan«120,orbymeansofacurr«.sourccirc«.tmg.ound 

rmpedauce. ^ ^ ^ ^ ^ 

„r,ncurren.ch.n«elsof.h.inputtransistorslOO,110tbrough.h.n«incurren.chann^^^ 
tt^cascod. transistors ,04, ,.4 to the output transformer ,60. Cascod. tranststors 104, 
25 serve to provide a low impedance « nodes ,02, 1 12 in the branches ,0 .1 

c^ent Channels of Ure input transis^rs 100, 1 10 arrf the ca^ "^""T , , o 
,„w impedance reduces undedrabl. feedb«>lc effects otthe input transistors 100, 10. 
Feedback rmpedances 106, „6 areoptionallyusedto adjust the ^^^^'^^^ 
amphfrer gain and the input impedance at ^ contn>l electrodes of the irrpu. ^«c«m 
30 „0,soa3,oprov,deama.chedinputin,p«tancea..hei„putof«>eampl>fi.r.-nredrff«« 

^.hec,urents,eads.oanou.p«.vohageat.heoutp».of.h.ou,u,.r,»fonn.l6^ 

Because of thecurr«,t source behaviour of the common crcut 120, 122, 

,h. sum of the cu^ents ftom the coupon circuit ,20, ,22, 124 to the main current channels 
inh„thbra„cheslO,l,isaconstantind.pendentof.heinputsi^,..l.as.in.fte,u«>cy 
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bandof inters.. Abs». ini«do«.f Smherc«™. ftom outside *ebm>ches 10. 11, all 
cu.T=nU«u»gh*.b«ch« 10. 11 arep^portonalU-ft^ecmrents &om«>e — 
cin»i. 120, 122, m ™i th^etaeft. .u™ of any pair of c„„-esponding cun««s torn Ae 
bjanchcs 10, 1 1 is a constant indepcndcnl of inpm signal. 

The ononis fiom lit. comtnon circuit 120, 122. 124 mainly flow ftom the 
main c»»nt channels of the input transistors 100, 1 10 through the main curr^t. channels of 
^ cascode transistors 104, .14 to the output transfonner 160. Th. difference between the 
ourr^ttsleads ,o an output voltage a. the output of the output transformer 160. IdeaUy, the 
eommonmodecomponen.Cs>un)of the otrrentsc^tno. contribute to the output voltage tfthe 

,0 .„,pu,transfimnerl60iside.Uys,mmetric.Thiscorresponds.oa„infmiteconu,»^ 
rejection raSo. But m pntoSce, due to the inevitable asymmetdcs the common mode 
component may lead to an output signal. 

Non-lineahty, in particular second order intermodulation effects contnbute to 
d.outp«sig„althrough«..6»«ationof.commonmcd.component.™sc«mpo„ent 
15 differssi8nificanttyftam«,o.My«>theex««.ha.inp«d.p«.de„tcommo„mod.cu.re„.s 
tan other sources ton the bi^in,.ed«.ceco,nm.ncircmt 120. 122, 124 flow tnto the 
branches ,0, 1 1 . A relevant current of this type is the common current through the base 
collectorcapacitanceoftheinputtransistorsl00,110. 

Capacitor 18 serv*. to pn,vide a high 6«t.ency conplfag between the control 
20 electrodes of cascode transistors 104, 114 and common«>de 126 otcommon circmt 122 

,24 .20 Thevalu.ofeapacitorl8is..l«:.edatleastsolarg.«inthefte,u«,cyb.ndfor 
which the amphSerisused the commonmodevoltagechangesofd.ee,m«.rsofthei.pu. 
transistor. lOO.UOaresubstantianycopiedto the control elechodes of thocascode 
transistors 104, .14. A surpnsingly low capadtance value suffices for «,ispu,po., h.cau.^ 
25 the impedanceatthecontrolelectrodesotcascodetr^ 104. 114isrelat.velyh.gh.Th.s 
makes it possible to integrate capacit«». ^due in an i.«=grated emu... 

As a result of capacitance 18 and the effect of cascode transistors 104, 114 die 
common mode voltagechangesarealsocopied to ther»desl02.112h«w.e.d«in^^^ 
current cham,eUofthecascod.tranris»rsl04,114andtt«inpu.lr»»l.l«s 100 mlhua, 
30 ,hecommonmodepartot.hevoltageatth.col.ectorBofth.inputlrH«is.orsl00.110is 
substantianye,„al.o.hecommonmodepa,tofd.evolta,eatlheiremi«er.wM*m»m 
substantially equal to the common modepartofthe voltage atthecontrol electrodes of die 
input transistors 100, ,10, because ofdi. high impedanceofdie common ground mip«iance 
120 at the relevant frequencies. 
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As a result of the equal common mode voltages substantially no common 
mode current flows through the base-collector capacitance of the input transistors 100. 1 10 
(e g through the Miller capacitance). Effectively, the circuit creates a very high impedance 
circuit for common mode voltages at the control electrodes of the input transistors. As a 

5 result the amplifier realizes a very high rejection for common mode voltages and 

intermodulationpn^ducts are suppressed. (It should be noted that, as a result of capacitor 18 
the common mode rejection ratio is very high even if the current source behaviour of 
common circuit 120. 1 22, 144 is far from perfect). 

Figure 2 shows a graph of the strength of second order distortion as a function 

10 of frequency. The strength is plotted on vertically on a logarithmic scale, to allow for 

comparison of strengths under different circumstances. A top curve shows distortion of the 
amplifier without capacitor 18. A second curve from above shows distortion with capacitor 

18 added. . .. „ 

The effect of c^acitor 18 can be improved by forcing substantiaUy all current 

15 from commonnode 126 to flow through the control electrodes of cascode transistors. For this 
purpose, bias circuit 190, 192. 194 preferably contains an inductance 190 that presents a 
substantiaUy higher impedance to signals at the relevant frequencies than the control 
electrode of cascode transistors 104. 1 14. A third curve from above in figure 2 show the 
strengthof distortion when an inductance 190 hasbeen added to the bias circuit whenthat 

20 inductance ideally blocks all relevant signal currents. 

Although the principle of the invention has been illustrated using the circuit of 
figure 1 . it will be appreciated that, without deviating from the invention many modifications 
may be made to the cin:uit For example, part or all of the bipolar transistors 100. 104. 104. 
1 1 4 may be replaced by field effect fransistors. Each transistor may be reahzed by a parallel 

25 arrangement ofapluraUtyoftransistors. Such a parallel arrangement has the same effect as a 
single transistor, and. as used herein, is considerer to be covered by the word "fransistor". 
instead of transformers 160. 140 other circuits for feeding and/or extracting differential mput 
and output signals may be used. Additional components may be added to thebranches 10. 11, 
tothebiascircuitl90. 192. 194orthetothecommoncircuitl22. 124. 120. Or components. 

30 for example emitter resistances 122. 124 may be deleted from the circuit. 

Capacitor 18 may be replaced or supplemented by fiulher capacitors between 
the control electrodes of cascode transistors 104. 1 14 and nodes in the common circuit 122. 
124 120 that substantially carry the variations of the emitter voltage of the input transistors 
100 no sothatacommonmodevoltageatthecommoncircuitl20.122.124iscoupledto 
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thecontrolelectrodesofcormnonxnode transistors 104. 11 4. For example a pair of capacitors 
(not shown) may be coupled from the control electrodes of the cascode tnmsistors 104, 1 14 to 
the nodes between emitter resistors 122. 124 and input transistors 100, 110. In another 
example. T-shaped common circuit 120. 122. 124 may be replaced by a H shaped circuit, 
; with impedances from the emitters to ground and an impedance between the emitters. In this 
case capacitors between the emitters of the input transistors 100. 1 10 and the control 
electrode ofthe cascode transistors 104, 114 maybe used. 

Also, although a simple capacitive coupling is preferred, it wiU be appreciated 
that any coupling that allows the common mode voltage from the common circuit 120. 122. 
D ,24tobecopiedtothecontrolelectrodesofthecascodetransistors 104. 114 in the frequency 
band of interest wiU achieve the desired effect of reducing distortion. In one alternative 
example a buffer amplifier with a gain of substantially one may be used with an input 
coupled to a common point coupled to the emitters of the input transistors 100. 1 1 0 and an 
output coupled to the control electrode of cascode transistors 104. 1 14. 
5 Emitter resistances 122, 124 are not essential for the effect of capacitor 18, but 

servetoadjusttotheinputimpedancespr^entedbythebasetheinputtransistorsl00.110so 

as to match the impedance coupled to the input transformer, as well as to improve hneanty 
In one non-limitative example the emitter resistances have a value of 4 Ohm. Feedback 
impedances are not essential for the effect of capacitor 18 either, but serve to adjust the gam 
20 ofthe amplifier (in particular its frequency dependence) and to improve impedance matching. 
In one non-limitative example feedback impedances 106, 116 each contain a senes 
arrangement of a capacitance in arrange of 100-10000 pF, an inductance m a range of 1-50 
ifl and a resistor in a range of 400 of 1500 Ohm. The capacitance serves as a DC- 
decoupling. The inductance serves to increase gain at higher frequencies. The resistor 
25 similarly serves to reduce the frequency dependent variation ofthe gain. 

Thus, by adding a coupling between the common point on one hand and the 
control electrodes of cascode transistors 104, 1 14 common mode rejection and linearity ofthe 
differential amplifier are improved. 



